
ODD/EVEN ERROR DIFFUSION FILTER 

> A, 

FIELD OF THE INVENTION 



This invention relates to the field of display systems, more particularly to display systems 
using digital data, more particularly to digital display systems that use error diffusion to 
ameliorate the effects of quantization errors. 



Many display systems use digital image data to represent the image that is to be created. 
The digital data undergoes many processing steps to render each image and to prepare the image 
for display. For example, the image data is often scaled to change the resolution of the input 
image to that of the display modulator. Likewise, the intensity of the image may be altered to 
compensate for the type of modulator being used. For example, digital micromirror device 
(DMD™)-based displays must remove the gamma compensation that was added to the image 
data to facilitate display on a standard cathode ray tube display. The processing may alter the 
color space of the image stream to change the appearance of the projected image. 

All of these image processing steps can increase the image data word size. 
Unfortunately, the image data word size of the display is often limited. For example, DMD- 
based displays use pulse width modulation to provide the appearance of gray scale images while 
using a binary light valve. Pulse width modulation requires a display frame period to be divided 
into a number of time slices equal to the number of possible gray levels. As the number of image 
data bits increases, the time slice representing the least significant bit slice becomes shorter than 
the response time of the modulator. Furthermore, increasing the number of bits increases the rate 
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at which data must be loaded into the modulator. Due to either one of these factors, the image 
data word size must be limited, typically by truncating the image data word. 

Truncating the image data word limits data rate into the modulator and limits the number 
of time slices that must be created each image frame. The truncation operation, however, 
necessarily creates quantization error which results in image artifacts. These artifacts, called 
false contours, appear as contours in the image that were not represented in the input image data. 

Error diffusion methods have been developed to reduce the contouring effects of 
quantization errors. These error diffusion methods generally add the quantization error to 
surrounding pixels. Since the image data is generally processing in raster-scan format — from 
row-by-row from right to left and top to bottom — the pixels above and to the left of the pixel 
being processed have already been processed and the flow of the error signal is limited to the 
right and down. 

New display processors process data for more than one pixel at a time. When several 
pixels are processed simultaneously, the standard down and to the right error flow cannot be 
implemented. What is needed is a new error diffusion method that is suitable for use in display 
systems that process multiple pixels simultaneously. 
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SUMMARY OF THE INVENTION 

Objects and advantages will be obvious, and will in part appear hereinafter and will be 
accomplished by the present invention which provides a method and system for an odd/even 
error diffusion filter. One embodiment of the claimed invention provides a method of 
performing error diffusion. The method comprises the steps of: simultaneously processing image 
data for at least two pixels in a row of pixels, the pixels comprising a first group of pixels and a 
last pixel abutting a group of pixels to be processed next; reducing the precision of the image 
data to produce a modified image data word and an error word for each pixel; propagating a 
portion of the error word for each pixel in the first group to two pixels in a next row of pixels; 
and propagating a second portion of the error word for the last pixel to a pixel in the next row of 
pixels and a pixel in the group of pixels to be processed next. According to some embodiments, 
a pseudo random noise signal is added to the error signals to further reduce false contouring. 

Another embodiment of the present invention provides a display system. The display 
system comprises a controller for receiving and processing pixelated image data, a light source 
for generating a beam of light along a first light path, and a light modulator for selectively 
modulating light along the first light path in response to image data signals from the controller. 

The controller simultaneously processes image data for at least two pixels in a row of 
pixels, the pixels comprising a first group of pixels and a last pixel abutting a group of pixels to 
be processed next. The controller reduces the precision of the image data to produce a modified 
image data word and an error word for each pixel. The controller propagates a portion of the 
error word for each pixel in the first group to two pixels in a next row of pixels. The controller 
propagates a first portion of the error word for the last pixel to a pixel in said next row of pixels 
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and a second portion of the error word for the last pixel to a pixel in said group of pixels to be 
processed next. 

The improved error diffusion method and system described above greatly reduces the 
false contouring generated by data quantization. The described method enables the efficient 
propagation of error data words when multiple pixels in a row are processed simultaneously. 
Furthermore, the addition of the pseudo random noise to the error signal breaks up the structured 
visual artifacts caused by using only deterministic filter coefficients. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of the present invention, and the advantages thereof, 
reference is now made to the following descriptions taken in conjunction with the accompanying 
drawings, in which: 

FIGURE 1 is a schematic representation of an error diffusion process. 

FIGURE 2 is a schematic representation of the flow of an error signal from pixel to pixel 
according to a common prior art error diffusion method. 

FIGURE 3 is a schematic representation of the flow of an error signal from pixel to pixel 
according to the novel error diffusion scheme disclosed herein. 

FIGURE 4 is a schematic representation of the error diffusion filter of Figure 1 
implementing the error diffusion scheme of Figure 3. 

FIGURE 5 is a schematic representation of a display system using the improved error 
diffusion filter of Figure 4. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

A new error diffusion method and system have been developed to reduce the false 
contours created by quantization errors when multiple image pixels are processed 
simultaneously. Unlike prior error diffusion methods, this method alters the flow of the error 
5 signal depending on which pixel is being processed. Additionally, a white noise component is 
added to the error signal to break up structured visual artifacts that occur when an error 
component is diffused in the same manner row after row. 

Figure 1 is a schematic of an error diffusion process. An input signal, In(x,y), 
representing the image data for the pixel in row x and column y, is added to an error signal. The 
^rflO modified input signal In'(x,y) is quantized 100, typically by truncation, to obtain output signal 
rn Out(x,y). The output signal is the data word used by the display system to produce pixel(x,y). 

'i : 

CP The output signal is compared to the modified input signal to obtain an error signal e'(x,y). 

o 

%S When the quantization error is caused by truncation, the error signal e'(x,y) is the truncated 

~" portion of the modified input word In'(x,y). The error signal is modified by the error diffusion 

iu 

C3 

^1 5 filter 102 and added to a later input word. 

p Various error diffusion algorithms differ by the operation of the error diffusion filter 102 

shown in Figure 1. Figure 2 shows in schematic form the operation of a typical error diffusion 

filter. The error diffusion filter represented by Figure 2 divides the error from pixel 200 in half. 

One half is delayed by one pixel and is added to the next pixel 202 in the row. The other half of 

20 the error is delayed by one row and is added to the pixel 204 directly below the current pixel. 

One half of the error from the last pixel in a row 206 is added to the last pixel in the next row and 

the other half of the error is discarded. Likewise, the portion of the error from the last row of 

pixels that would normally be added to the next row of pixels is also discarded. 
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A problem arises when more than one adjacent pixels are processed simultaneously. 
Figure 3 shows a portion of an array of pixels that is processed two at a time — a pixel from an 
odd numbered column and a pixel from an even numbered column. When pixels are processed 
two at a time, error from the first pixel 302 cannot be added to the second pixel 304 because it is 
5 processed before the error signal is determined. Therefore, one-half of the error from the odd 
pixel 302 is added to the odd pixel in the next row 306, while the other half of the error signal is 
added to the even pixel in the next row 308. 

Error from the even pixel 304 can be added to the following pixel in the same row 310 
because, as represented by the dashed line in Figure 3, the next two pixels 310, 312 are processed 
fSlO after the first two pixels. Thus, one-half of the error from pixel 304 is added to the image data 

v'sar 
■3, 5 

flj for pixel 310, and the other half of the error is added to the image data for pixel 308. 

£R A pseudo random noise signal r(x,y) is added to the error signals to break up structured 

Vte= visual artifacts. The random noise signal is chosen to have a maximum value equal to one-half 

h s of the maximum value of the error signal. Thus, if four bits are truncated, the pseudo random 

H 5 noise generation generates a three-bit random noise signal. A new pseudo random noise data 

Q value is chosen for each pixel. The pseudo random noise data value is added to one-half of the 

error signal and subtracted from the other one-half of the error signal. In effect, the pseudo 

random noise data value determines the allocation of the error signal between the two pixels 

receiving a portion of the error signal. 

20 Figure 4 illustrates the function of the error diffusion filter for the error diffusion 

embodiment illustrated in Figure 3. In Figure 4, the error signal from each odd pixel e'(x,y) 0DD , 

302 in Figure 3, is divided by two. A pseudo random number generator 402 creates a pseudo 

random number that is added to one half of the error signal, and subtracted from the other half. 
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The sum of the error signal and the random number, Vi e'+r, is delayed by one row plus one 
pixel and added to the image data for the pixel below and to the right of the odd pixel, pixel 308 
in Figure 3. The difference between the error signal and the random number, Vz e'-r, is delayed 
by one row and then added to the image data for the pixel immediately below the current pixel, 
5 pixel 306 in Figure 3. 

Error signals from the even pixels, or from the last pixel in the processing group in the 
case of display systems that process more than two pixels simultaneously, are handled 
differently. As shown in Figure 4, the error from the even pixel 304, e'(x,y) EVEN , is divided by 
two before having another random number added to, or subtracted from, the result. The sum of 
410 one half of the error signal and the random number is delayed by only one pixel and is added to 
fn the image data for the next pixel in the same row, pixel 310 in Figure 3. The difference between 
m the other half of the error and the random number is delayed for one row and added to the even 

c : 

*-'K? 

vO pixel in the next row, pixel 308 in Figure 3. 

I* As mentioned above, this same algorithm can be applied to display systems that process 

J j5 more than two pixels at a time. For example, if a the display system processes eight pixels at a 

Q time, errors from the first seven pixels are added to pixels from the next row while errors from 

the eighth pixel are added to the next pixel in the same row and a pixel from the next row. 

Figure 5 is a schematic view of an image projection system 500 using an improved error 

diffusion method according to the present invention. In Figure 5, light from light source 504 is 

20 focused on a micromirror 502 by lens 506. Although shown as a single lens, lens 506 is typically 

a group of lenses and mirrors which together focus and direct light from the light source 504 onto 

the surface of the micromirror device 502. Image data and control signals from controller 514, 

which performs the error diffusion operations described above, cause some mirrors to rotate to an 
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on position and others to rotate to an off position. Mirrors on the micromirror device that are 
rotated to an off position reflect light to a light trap 508 while mirrors rotated to an on position 
reflect light to projection lens 510, which is shown as a single lens for simplicity. Projection lens 
510 focuses the light modulated by the micromirror device 502 onto an image plane or screen 
5 512. 

The improved error diffusion method and system described above greatly reduces the 
false contouring generated by data quantization. The described method enables the efficient 
propagation of error data words when multiple pixels in a row are processed simultaneously. 
Furthermore, the addition of the white noise pseudo random number to the error signal avoids the 
HO structured visual artifacts that occur when using deterministic diffusion coefficients. Many 

. r-s 
i : : 

?sl alternatives to the disclosed system are possible. For example, the manner in which the pseudo 

£n random noise signal is added to one portion of the error word and subtracted from another 

%Q portion of the error word could be reversed without departing from the spirit of this invention. 

3 

L" Likewise, other embodiments generate two separate random numbers rather than adding and 

1 1 

p 5 subtracting the same number. These alternate embodiments typically create positive and 
Q negative random numbers so that the average intensity value added by the white noise generator 
is zero. 

Thus, although there has been disclosed to this point a particular embodiment for an 
improved error diffusion system and method, it is not intended that such specific references be 
20 considered as limitations upon the scope of this invention except insofar as set forth in the 
following claims. Furthermore, having described the invention in connection with certain 
specific embodiments thereof, it is to be understood that further modifications may now suggest 
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themselves to those skilled in the art, it is intended to cover all such modifications as fall within 
the scope of the appended claims. 
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